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others. Some of them, however, particularly the globulins, introduce discouraging complications, which make the prosecution of the various reactions difficult. The insolubility of the globulins in isotonic salt solution, their strong tendency to precipitate in the presence of serum, and their agglutinating action on the red blood corpuscles are some of the obstacles which are responsible for many experimental failures and for the comparatively scant attention which has been accorded them in immunity studies.
The present study began in an endeavor to obtain controlling evidence for certain other experiments in anaphylaxis which have been carried on in this laboratory for the past two years, hence no attempt has been made to extend the study to any proteins other than edestin. Gliadin has been used merely to test the specificity of the edestin reactions. Naturally, it is highly desirable to institute further controls with other similar proteins and to investigate the immunity reactions of these proteins as well. It is hoped to continue this work in the future.
The preparations used in immunological work obviously must be of the highest possible integrity. Those used in the present study consisted of one of edestin, the globulin from hemp seed (Cannabis sativa), and one of gliadin, the prolamin from wheat (Triticum vulgare), and were specially prepared by Dr. Thomas B. Osborne for the anaphylactic experiments which have been reported by Dr. H. Gideon Wells and himself. No utensils used in making these particular lots of edestin and gliadin had ever before been employed in preparing proteins, and the most scrupulous care was exercised to meet every possible objection to their mode of preparation.1
It is unnecessary to review here the literature on the biological and immunological reactions of the vegetable proteins, inasmuch as it has been so thoroughly done by Wells and Osborne.2 Further, a detailed description of the antigenic properties of these proteins has recently appeared.3 Various investigators have reported observations on the hemagglutinating properties of some of these sub-stances, on the precipitins produced, and on their hyper-sensitive or anaphylactic reactions.
hemagglutinins.
The agglutinating action of vegetable proteins upon red blood corpuscles has been frequently observed. The crude nature of the extracts employed and the variety of methods used by the various authors make quantitative comparisons difficult. Among the few investigators who employed pure proteins are Osborne, Mendel and Harris,1 who studied ricin (Ricinus zanzibarensis), and Schneider,2 working with proteins of the bean (Phaseolus). Ricin was found to agglutinate erythrocytes even when added in small amounts and this action is particularly associated with the coagulable albumin of the castor bean. Schneider concluded that the reserve protein of the ^ean is probably responsible for the agglutinating action, since the action decreases as the seedling develops. Further, the hemagglutinin does not occur in extracts of the root, stems or leaves of the bean plant. These observations are confirmed by those of von Eisler and von Portheim.3 Mendel4 has shown that a large number of leguminous seeds possess hemagglutinating properties and that this hemagglutination and toxic action are independent.
It is apparent that various proteins show widely varying degrees of agglutinating action and it has also been found that corpuscles from different animal species exhibit different degrees of sensitiveness to this action.
In previous investigations it has been customary to use the proteins dissolved in hypertonic salt solutions and to employ bloodcorpuscles in the form of defibrinated blood. In order to exclude any suction which might be associated with serum components, the corpuscles in the present experiments were previously washed free from serum. The technic was as follows: The experiment shows that edestin possesses hemagglutinating activity to a considerable degree, while gliadin, in the amounts tested, has no such property. Since edestin is non-toxic, it would seem, as has been previously observed, that the agglutinating action and toxic action are independent. Further, since washed corpuscles were employed, the action must have been between the edestin and the corpuscles, and since by using a pure preparation of edestin, and thereby excluding all other constituents of the seed, the results indicate that hemagglutination is a property of the seed protein.
In view of the observations of Raubitschek' that immune sera, normal sera and also peptone inhibit agglutination, it seemed desirable to test this possible antagonistic action in the case of edestin. The procedure was as follows: tation is shown by the fact that gliadin produces a heavy precipitation but no agglutination, and that five milligrams of edestin in the presence of immune serum, while precipitating, exhibit no agglutinating activity. It would seem, therefore, that edestin possesses an affinity for red blood corpuscles from both sheep and man which results in the agglutination of the cells, but that this affinity is not as strong as is that between edestin and its immune serum or Witte's peptone.
PRECIPITINS.
The desirability of determining the precipitin reactions of the vegetable proteins has naturally presented itself to many investigators. Experiments to this end have been carried out with edestin, and, among the various reported observations, those of Obermayer and Pick1 are particularly applicable here. These authors were able to demonstrate specific precipitins in the serum of animals which had received edestin injections. A successful technic for measuring the precipitin potency of an immune serum for edestin requires a nice adjustment of the balance between the antigen and serum. Edestin solutions of a higher concentration than i: 1000 precipitate spontaneously on standing, and immediately when brought in contact with diluted (i: 10) normal serum. However, if the edestin be used in a i: 10,000 dilution (prepared as described in Experiment 82) there is no spontaneous sedimentation, and the addition of dilute normal serum (1:10) produces no precipitation. The results of the experiment show that edestin immune serum gives a marked precipitate with edestin, while twice the amount of serum produces no precipitation with the same amount of gliadin. Controls with normal serum were negative with both edestin and gliadin. The outcome of this experiment would seem to hold out the promise of affording a reliable method for determining Dunbar,' apparently, is the only observer who has employed the complement deviation method in the differentiation of vegetable proteins. He was able to differentiate the various pollen proteins, and also to distinguish the pollen protein from proteins contained in other parts of the same plant. A search of the literature has failed to reveal a record of any similar experiments with purified vegetable proteins. Readings were taken at the end of 2 hrs. incubation, the tubes placed in the icebox over night and a final reading taken.
The results obtained by the above method are sharp and clear. Both edestin and gliadin in three times the amounts used were neither anticomplementary nor hemolytic. Minute amounts of edestin in the presence of edestin immune serum completely bound complement, while a larger amount of gliadin showed no such action. The experiment, therefore, shows that an antigen consisting solely of a pure protein can absorb amboceptor in the serum of a rabbit immunized with that particular protein, and that this combination can deviate complement. The negative action of gliadin with edestin immune serum suggests that this mechanism is specific, but it will be necessary to include other vegetable proteins and other vegetable protein anti-sera before the actual specificity of the reaction can be established.
ANAPHYLAXIS.
The vast literature on anaphylaxis contains few references to the application of this method to the study and differentiation of vegetable proteins. Among these few references, which include observations on sensitization with watery and saline vegetable extracts, there are only two investigations which have to do with isolated proteins. Rosenau and Anderson1 employed preparations of edestin and excelsin, but failed to obtain any significant results. Several factors were responsible for this failure. They used solutions of these proteins made in 10 per cent sodium chlorid, the intoxicating doses were insufficient and were given subcutane-ously. The work of Wells and Osborne represents the first and only systematic study of pure vegetable proteins as to their anaphylactic reactions. Their preparations were as pure as can be obtained by present methods and were used for the injections dissolved in one-tenth per cent sodium hydrate, thus insuring an adequate intoxicating dose of the protein and obviating the antagonistic action of the hypertonic content of sodium chlorid. All injections were made into the peritoneal cavity. The authors state that because of the tendency of vegetable proteins to cause agglutination of erythrocytes, and because their proteins were in alkalin solution, no intravascular injections were made. Unusual care was taken to control all experimental factors. They used the following preparations: globulin from the castor bean, flax seed, and squash seed; edestin from hemp seed, excelsin from the Brazil nut; proteins from the cocoanut, legumin and vicilin from peas, legumin from the vetch, vignin from the cowpea, glycinin from soy-bean, gliadin from wheat flour and rye, hordein from barley flour, and zein from maize. It was found that all these proteins cause typical anaphylaxis reactions in sensitized animals. The minimum doses which produce sensitization and the time of incubation are about the same as with animal proteins, but as a rule the symptoms are of somewhat slower onset and less stormy course than are those obtained with foreign sera, and the minimum intoxicating doses are larger. There are also considerable differences in the toxicity of the several proteins to sensitized animals. The most toxic proteins, as measured by the frequency of severe and fatal reactions, usually caused death when given in o.i gm. doses to properly sensitized animals. Edestin, it is interesting to note in the present connection, caused the least severe reactions of any of the proteins. Marked specificity of reaction was shown, within certain limits, by the vegetable proteins employed.
In the present study the same two preparations of edestin and gliadin used by Wells and Osborne were employed. They were dissolved in water with just enough N/io sodium hydrate to effect solution and therefore were somewhat less alkalin than the solutions of these authors. Sensitizing injections were always intraperitoneal but the intoxicating doses were always given intravenously. It was found that at least 40 or 60 milligrams of these proteins in faintly alkalin solution could be injected into the jugular vein of 200-gm. guinea-pigs without causing any appreciable symptoms. Whatever hemagglutinating action these solutions exerted in no way interfered with or complicated the hypersensitive reaction. Guinea-pigs of about 200 gms. in weight were always used unless otherwise stated. All glass syringes were used, one set with needles for edestin and another for gliadin. These were thoroughly cleansed and dried before use. In Series A an interesting point developed. By mistake some edestin was used for the intoxicating solutions which had been dried for four hours at lo30. Although the pigs in this series developed more or less marked symptoms, none died, while pigs similarly sensitized in Series B and E reacted fatally when unheated edestin was used.
Specificity.-Wells and Osborne state that animals sensitized with edestin possessed no sensitiveness to their preparations of castor bean globulin and squash seed globulin. In the present study animals sensitized with edestin were tested with squash seed globulin, castor bean globulin, flaxseed globulin, and corylin, a globulin from the hazelnut. The three first named globulins were suggested by Dr. Osborne as being chemically and physically more nearly like edestin than any other known vegetable proteins.
Experiment 87.-The globulins were dissolved in the manner already described for edestin, and all gave clear solutions. The squash seed globulin required about four times the amount of alkali used to dissolve the other globulins, as this preparation contained a larger proportion of the insoluble form of the globulin than did the other preparations. Pigs 769 and 773 showed no anaphylactic symptoms but died within i2 hours. Death was probably caused by the greater alkalinity of the squash seed globulin solution. However, the small number of animals used permits of no definite conclusions. Apparently edestin fails to sensitize animals to globulins from the squash seed, castor bean and the hazelnut. Two animals sensitized with edestin reacted with typical anaphylactic symptoms, one fatally, to flaxseed globulin.' Inheritance of sensitiveness.-It is known that guinea-pigs born of a mother previously sensitized to a given protein inherit a certain degree of sensitiveness to that protein. The following observation is recorded here in order to illustrate this point and to show that this rule holds good in the case of edestin.
1 This cross-reaction is merely recorded here since the specificity of the anaphylactic reactions in the case of pure vegetable proteins is being systematically investigated by Wells and Osborne.
Experiment 62.-An adult female pig received intraperitoneal injections of o.00oo5, 0.010, and 0.015 gm. edestin on Aug. 20, 24, and 31 respectively, being pregnant at the time. The mother's sensitiveness was shown by the fact that seven other pigs sensitized with the same amounts at the same time all reacted fatally to o. oo5 gm. or more of edestin 21 days after the last sensitizing injection. On Sept. 27, 27 days after the last injection she gave birth to two young, Nos. 534-1 and 534-2. On Nov. 19, when 53 days old, they were tested as follows: Table 8 shows that both animals had inherited the mother's sensitiveness to edestin, but that they possessed it to a considerably less degree.
Passive sensitization. been in contact with their specific immune serum, a substance is formed which produces the characteristic symptoms of anaphylactic shock. He considered that this phenomenon was due to a digestive action by the complement on the antigen-amboceptor combination and that this action in vitro was identical with the anaphylactic reaction in vivo. The hypothesis has been subjected to much criticism based upon a variety of experimental data. It has been objected that bacterial cultures and sera contain other substances, which when "subjected to the action of complement might yield toxic substances. It has also been shown that complement alone, without the intervention of immune serum, is able to transform bacterial and serum protein into poisonous products, while Besredka' claims that the poison arises in the action of complement on the peptone of the medium on which the bacteria are grown. More recently Rosenow2 has shown that the autolyzate of virulent pneumococci, when injected into guinea-pigs, calls forth a fulminating anaphylactoid reaction. A similar reaction is also produced by extracts of typhoid bacilli. In view of this confusing diversity of opinion it seemed desirable to attempt the production of the so-called anaphylatoxin from edestin by the method of Friedberger. The use of edestin as antigen would exclude the other components of bacterial masses, of sera and other protein mixtures previously used in this connection. Edestin is non-toxic in itself. Further, it is a substance which bears no near biological relationship to the constituents of guinea-pig tissues, and as edestin can be absolutely excluded from the food of guinea-pigs, it is most unlikely that they should possess any natural amboceptors for this protein. The possession of a potent immune serum, not only containing precipitating and complement deviating antibodies but also having the property of passively sensitizing guinea-pigs in small doses, supplied another desirable factor. Preliminary experiments were carried out, using comparatively concentrated solutions of edestin and undiluted serum. A heavy precipitate immediately resulted and it was felt that this rapid precipitation might hinder the proper absorption of amboceptor by the edestin. Hence, in the later experiments (Experiments 85 and 86), the edestin and serum were employed in dilutions which -Ztschr. f. Immuntiitsf VI. Anaphylatoxin.-When suitable amounts of edestin and edestin immune serum are allowed to remain in contact for a given length of time, a precipitate is formed, which, when washed with salt solution and mixed with fresh guinea-pig complement and incubated at body temperature, yields a substance or substances, which, when injected into a guinea-pig intravenously, produces a fatal intoxication, apparently identical in every way with the anaphylactic reaction. Fresh complement, when allowed to act under similar conditions with edestin alone, yields no poisonous substance. From edestin, therefore, by the action of immune serum and complement, under the experimental conditions noted, a toxic product is obtained which seems to correspond to the anaphylatoxin of Friedberger.
